Chen S, Wang R, Li Q, Tang DD. Abl knockout differentially affects p130 Crk-associated substrate, vinculin, and paxillin in blood vessels of mice.
VASCULAR SMOOTH MUSCLE plays a key role in the regulation of blood pressure. Cross-bridge cycling regulated by regulatory myosin light chain (rMLC) phosphorylation has been recognized as a fundamental paradigm for the regulation of vascular smooth muscle contraction (14, 26, 32) . Recent studies suggest that actin polymerization transpires in smooth muscle in response to contractile activation. The inhibition of actin polymerization by such inhibitors as cytochalasin D or latrunculin A attenuates force development during the activation with contractile stimuli without affecting rMLC phosphorylation (3, 20, 40, 41) . These studies suggest that actin polymerization and myosin phosphorylation are independently regulated and that both the dynamic change in the actin cytoskeleton and myosin activation are required for force development during the contractile stimulation of smooth muscle (2, 20, 40 -42) .
The nonreceptor tyrosine kinase Abelson tyrosine kinase (Abl, c-Abl) has recently been implicated in the regulation of the actin cytoskeleton and force development in vascular smooth muscle (1) . The activation with phenylephrine (PE) or angiotensin II (ANG II) induces Abl tyrosine phosphorylation (an indication of Abl kinase activity) in vascular smooth muscle tissues and cells (1, 44) . The mechanisms by which Abl regulates the dynamics of the actin cytoskeleton in smooth muscle are not well understood.
The adapter protein p130 Crk-associated substrate (CAS) has been shown to modulate actin polymerization in smooth muscle cells, as well as in nonmuscle cells, including COS-7 cells and NIH3T3 cells (22, 31, 40) . The depletion of CAS by antisense attenuates the constriction and actin polymerization in carotid arteries in response to contractile stimulation (40) . Stimulation with ANG II, serotonin, or PE induces the tyrosine phosphorylation of CAS in vascular smooth muscle cells and tissues (1, 22, 33) , as well as in nonmuscle cells in response to the activation with growth factors and cell adhesion (23, 31) . It has been proposed that the phosphorylation of CAS is a key event regulating the actin cytoskeleton; phosphorylated CAS may enhance its binding to the adapter protein CrkII, which may facilitate the formation of multiprotein complexes including CrkII, neuronal Wiskott-Aldrich syndrome protein (N-WASP), and the actin-related protein-2/3 (Arp2/3) complex and initiating actin polymerization and branching mediated by the Arp2/3 complex. (1, 30, 38, 43, 45) .
Vinculin and paxillin are the key components of focal adhesion sites of cultured smooth muscle cells, which are structurally analogous to dense plagues of smooth muscle tissues. At these sites, the structural protein vinculin primarily connects actin filaments to cytoplasmic domains of transmembrane ␤-integrins that physically bind matrix proteins with their extracellular motifs. The linkage of actin filaments to extracellular matrix at dense plaques is believed to be important for the transmission of mechanical force between the inside and outside of the smooth muscle. In contrast, paxillin at dense plaques of smooth muscle tissues mainly serves as a signaling protein regulating actin cytoskeleton remodeling (6, 36, 42) .
The objective of the present study was to determine the functional role of Abl in regulating blood pressure, CAS, vinculin, and paxillin using an Abl knockout mouse model. Our results demonstrate that systolic blood pressure is lower in Abl knockout mice. Moreover, the contractile agonist-induced enhancement of CAS phosphorylation and actin polymerization, but not rMLC phosphorylation, is attenuated in blood vessels from Abl knockout mice. Abl knockout also inhibits the expression of vinculin and paxillin in the vasculature of mice.
MATERIALS AND METHODS
Measurement of blood pressure. Systolic blood pressure was measured using the XBP1000 Noninvasive Tail Blood Pressure Measurement System (a computer automated system, Kent Scientific, Tor-rington, CT). Before measurement, the mice were trained in a container for at least 15 min at 37°C to obtain reliable parameters.
Tissue preparation. All animal protocols were approved by the Institutional Animal Care and Use Committee. Abl knockout mice and wild-type mice were kindly provided by Stephen P. Goff (University of Columbia) (16) . Male mice (30 Ϯ 5 g) were euthanized in a CO 2 chamber, and the resistance arteries (mesenteric artery, femoral artery, and carotid artery) and/or aorta were removed and placed at room temperature in physiological saline solution containing (in mM) 110 NaCl, 3.4 KCl, 2.4 CaCl2, 0.8 MgSO4, 25.8 NaHCO3, 1.2 KH2PO4, and 5.6 glucose. The solution was aerated with 95% O 2-5% CO2 to maintain a pH of 7.4. After the removal of the endothelium and the connective tissue layer, segments of arteries were placed in test tubes containing physiological saline solution at 37°C. They were stimulated with contractile agonists before biochemical and microscopic analyses.
Immunoblot analysis. Pulverized tissues were mixed with 40 l of SDS sample buffer for 5 min and separated by SDS-PAGE. The proteins were transferred to a nitrocellulose membrane, after which the membrane was blocked with 2% bovine serum albumin for 1 h and probed with site-specific, state-dependent antibody for phospho-CAS (Tyr410, Cell Signaling), followed by horseradish peroxidase (HRP)-conjugated anti-rabbit Ig (ICN Biomedicals, Irvine, CA). The proteins were visualized by enhanced chemiluminescence (SuperSignal, Pierce) using Fuji Image System LAS3000. The membranes were stripped and reprobed with monoclonal antibodies against total CAS (clone 24, BD Biosciences), followed by the incubation with HRPconjugated anti-mouse Ig (Amersham Life Sciences). The levels of phosphoprotein and total protein were quantified by scanning densitometry of immunoblots (Fuji Multigauge software). The changes in protein phosphorylation were expressed as a magnitude increase over the levels of phosphorylation in unstimulated arteries. Because a relatively large amount of proteins is needed for an assessment of CAS phosphorylation, the pooled tissues from the mesenteric artery, femoral artery, and carotid artery were used. Agonist-induced CAS phosphorylation was not different among the mesenteric artery, femoral artery, and carotid artery.
For protein expression analysis, the proteins from the mesenteric artery or aortae were separated by SDS-PAGE followed by a membrane transfer. The membranes were probed with vinculin antibody (Santa Cruz Biotechnology), paxillin antibody (clone 349, BD Biosciences), and smooth muscle ␣-actin antibody (clone 1A4, Sigma). The densitometric values of proteins were determined, and the ratios of these proteins were calculated. The luminescent signals from all immunoblots were within the linear range.
Determination of F-actin-to-G-actin ratios by fluorescence microscopy. F-actin-to-G-actin (F/G-actin) ratios from the carotid artery of mice were evaluated using the method previously described with a minor modification (12) . Carotid arteries from mice were placed in frozen tissue-embedding medium (Neg 52, Richard-Allen Scientific) and cryosectioned using Cryostats (Richard-Allen Scientific). Histological sections on glass slides were fixed for 15 min in 4% paraformaldehyde and were then washed three times in Tris-buffered saline (TBS) containing 50 mM Tris, 150 mM NaCl, and 0.1% NaN3, followed by the permeabilization with 0.2% Triton X-100 dissolved in TBS for 5 min. The samples were fluorescently stained for F-actin using rhodamine-labeled phalloidin (Invitrogen-Molecular Probes), followed by the staining with DNase I conjugated with Alexa 488 for G-actin (Invitrogen-Molecular Probes). Images of labeled F-actin and G-actin were viewed under a high-resolution fluorescent microscope (Leica). The time of image capturing, intensity gaining, and image black levels in both channels were optimally adjusted and kept constant for all experiments to standardize the fluorescence intensity measurements among the experiments. For each independent experiment, five regions were randomly selected for observation. Fluorescence intensities of rhodamine-phalloidin and Alexa 488-DNase I were simultaneously calculated using Multigauge software. Measurements from five areas were averaged for a single data point.
Analysis of real-time reverse transcription quantitative polymerase chain reaction. Total RNA from mesenteric artery was extracted using TRIzol reagent (Invitrogen). The primers were designed as follows: paxillin 5Ј primer, 5Ј-ACTACTGCAACGGACCCATC-3Ј; paxillin 3Ј primer, 5Ј-TAGTGGACCTCACAGTACGG-3Ј; vinculin 5Ј primer, 5Ј-GCCAAGCAGTGCACAGATAA-3Ј; vinculin 3Ј primer, 5Ј-TTCCTT-TCTGGTGTGTGAAGC-3Ј; GAPDH 5Ј primer, 5Ј-ACTCCACT-CACGGCAAATTC-3Ј; and GAPDH 3Ј primer, 5Ј-ACTGTGGTCAT-GAGCCCTTC-3Ј. The reaction was performed using the iScript one-step RT-PCR kit with SYBR Green (Bio-Rad) on a MyiQ single color real-time PCR detection system (Bio-Rad). The quantitative RT-PCR condition was set as 10 min at 50°C for cDNA synthesis and 5 min at 95°C for RT inactivation, followed by 45 cycles of 10 s at 95°C and 30 s at 55°C for real-time PCR cycling and detection. A melting curve analysis was done by 1 min at 95°C, 1 min at 55°C, and then 10 s at 55°C, increasing each by 0.5°C at each cycle until the temperature reached 95°C. The levels of vinculin and paxillin mRNA were normalized to the level of the reference gene GAPDH.
Assessment of rMLC phosphorylation. The mesenteric arteries were rapidly frozen in liquid nitrogen and immersed in precooled acetone containing 10% (wt/vol) trichloroacetic acid (TCA) and 10 mM dithiothreitol (DTT). Tissues were thawed in acetone-TCA-DTT at room temperature and then washed four times with acetone-DTT. The proteins were extracted for 4 h in 8 mM urea, 20 mM Tris base, 22 mM glycine, and 10 mM DTT. Myosin light chain was separated by glycerol-urea PAGE and transferred to nitrocellulose membranes. The membranes were blocked with 5% milk and incubated with myosin light chain 20 antibody. The primary antibody was reacted with HRP-conjugated anti-rabbit IgG (ICN Biomedicals). Unphosphorylated and phosphorylated bands of rMLC were visualized by enhanced chemiluminescence and quantified by scanning densitometry. The phosphorylation of rMLC was calculated as the ratio of phosphorylated rMLC to total rMLC.
Statistical analysis. All statistical analysis was performed using Prism 4 software (GraphPad, San Diego, CA). Comparisons among multiple groups were performed by one-way analysis of variance followed by Tukey's multiple comparison test. Differences between pairs of groups were analyzed by Student-Newman-Keuls test or Dunn's method. Values of n refer to the number of experiments used to obtain each value. P Ͻ 0.05 was considered to be significant.
RESULTS

Systolic blood pressure is lower in Abl knockout mice.
Abl knockout mice and wild-type mice were provided by Dr. Goff of Columbia University (16) . Most of the Abl Ϫ/Ϫ pups (94.7%) survived after birth and attained adulthood, which was similar to wild-type pups. A previous report showed that Abl Ϫ/Ϫ mice were osteoporotic and had defects in osteoblast maturation (16) . These knockout mice did not display markedly abnormal behaviors compared with the wild-type mice.
Our previous studies have shown that Abl silencing inhibits force development in isolated mesenteric artery during stimulation with PE or KCl (1). To evaluate the role of Abl in regulating blood pressure (which is largely regulated by vascular smooth muscle tone) in whole animals, we compared the blood pressures in Abl knockout mice and wild-type mice. Systolic blood pressure was significantly lower in Abl knockout mice than in wild-type mice (Fig. 1 , n ϭ 10, P Ͻ 0.05).
Increases in CAS phosphorylation upon contractile stimulation are diminished in Abl knockout mice. Because CAS has been implicated in the modulation of vascular smooth muscle (22, 40), we determined whether Abl knockout affects CAS phosphorylation in vascular smooth muscle. Pooled tissues from mesenteric artery, femoral artery, and carotid artery of Abl knockout mice or wild-type mice were treated with 10 M PE for 5 min. PE is an agonist of ␣-receptor, which plays an important role in regulating vascular smooth muscle contractility and blood pressure. In addition, our previous studies showed that the contractile force reaches to a maximal level in resistance arteries in response to the stimulation with PE for 5 min (1). CAS phosphorylation was assessed by immunoblot analysis using phospho-CAS (Tyr410) antibody. The stimulation with PE resulted in an increase in CAS phosphorylation in arteries from wild-type mice. In contrast, CAS phosphorylation upon PE stimulation was reduced in the vascular tissues from Abl knockout mice (Fig. 2 ). The results demonstrate that Abl knockout attenuates the increase in PE-induced CAS phosphorylation in arterial tissues.
To determine whether the effects of Abl knockout on PEinduced CAS phosphorylation transpire at the receptor level, we examined CAS phosphorylation upon another vasoconstrictor ANG II in Abl Ϫ/Ϫ mice. ANG II is a major component of the renin-angiotensin system, which is an important hormone pathway to regulate blood pressure. Renin secreted from kidneys catalyses angiotensinogen to form angiotensin I (ANG I) in blood. ANG I is then converted to ANG II by angiotensinconverting enzyme. ANG II directly affects the vascular smooth muscle functions, such as stimulating vascular smooth muscle contraction (5, 28) . Previous investigations show that a stimulation with 1 M ANG II for 2.5 min induces maximal contractile responses (1, 5) . CAS phosphorylation in response to a stimulation with 1 M ANG II for 2.5 min was also reduced in vascular tissues of Abl knockout mice compared with wild-type mice (Fig. 2) , suggesting that the effects of the Abl knockout on agonist-induced CAS phosphorylation is less likely attributed to changes in biological properties of ␣-receptor and ANG II receptor in Abl Ϫ/Ϫ mice. Enhancement of F/G-actin ratios upon contractile activation is inhibited in Abl knockout mice. The adapter protein CAS has been shown to participate in the regulation of actin dynamics in vascular smooth muscle tissues. Because CAS phosphorylation is attenuated in arterial smooth muscle, we determined whether the actin filament assembly was altered in Abl Ϫ/Ϫ mice, the carotid arteries were isolated from knockout mice, or the wild-type mice were stimulated with PE or ANG II and stained with fluorescently labeled phalloidin (for F-actin) and DNase I (for G-actin). Images of labeled F-actin and G-actin were captured using a fluorescent microscope. The F/G-actin ratios were determined by using scanning densitometry of the images.
Ratios of F/G-actin in response to the activation with PE or ANG II were augmented in carotid arteries from wild-type mice. However, the agonist-induced increase in F/G-actin ratios was reduced in arterial tissues from the knockout mice (Fig. 3) , indicating that Abl mediates actin filament polymerization upon contractile activation.
Treatment with an Abl inhibitor attenuates increases in F/G-actin ratios upon contractile activation. To further explore the role of Abl in regulating the actin architecture, carotid arteries harvested from wild-type mice were treated with the Abl inhibitor imatinib (Gleevec, Novartis) for 45 min. These arteries were then stimulated with PE or ANG II, or they were unstimulated. F/G-actin ratios were evaluated by fluorescent microscopy as described in MATERIALS AND METHODS.
Exposure of arteries to imatinib did not affect F/G-actin ratios in unstimulated tissues. In contrast, increases in F/Gactin ratios upon stimulation with PE or ANG II were significantly inhibited by the treatment with the Abl inhibitor (Fig. 4 , n ϭ 4 to 5, P Ͻ 0.05). The results support our findings in isolated tissues from Abl knockout mice (Fig. 3) , suggesting a critical role of Abl in the regulation of actin dynamics in vascular smooth muscle during contractile activation. Focal adhesion-associated proteins vinculin and paxillin are downregulated in Abl knockout mice. Vinculin and paxillin are associated with focal adhesions of cultured cells and have been shown to regulate actin dynamics and smooth muscle contraction (24, 27, 38, 42) . Since agonist-induced actin polymerization is attenuated in Abl Ϫ/Ϫ mice, we assessed whether the expression of vinculin and paxillin is altered in these mice. The expression of these two proteins in arterial tissues from knockout and wild-type mice was assessed by immunoblot analysis.
As shown in Fig. 5A , the protein levels of vinculin and paxillin were lower in the mesenteric artery of knockout mice compared with wild-type mice. However, the amount of smooth muscle-specific ␣-actin was similar in tissues from both knockout and wild-type mice. The ratios of vinculin to actin and paxillin to actin were significantly lower in tissues of knockout mice compared with wild-type mice (Fig. 5, B and C, n ϭ 7 to 8, P Ͻ 0.05). Furthermore, we also found that the pattern of protein expression was similar between the mesenteric arteries and the aorta, suggesting that Abl knockout affects the expression of vinculin and paxillin in both resistance and elastic arteries. The relative density of actin in vascular tissues was not significantly different between wildtype and Abl knockout mice (Fig. 5D , n ϭ 7 to 8, P Ͼ 0.05). Our prior studies show that metavinculin, a splice variant of vinculin, is detected in airway smooth muscle tissues (38, 43) . However, metavinculin was not detected in mouse arterial tissues (Fig. 5A ). This could be due to the difference of tissue types (airway smooth muscle vs. vascular smooth muscle).
To assess whether the transcription of the cytoskeletal proteins is inhibited, mRNA levels of vinculin and paxillin were analyzed using RT-quantitative PCR. Consistent with immunoblot analysis, the mRNA levels of vinculin and paxillin in mesenteric arteries were significantly lower in Abl Ϫ/Ϫ mice than in wild-type mice (Fig. 5E, P Ͻ 0.05, n ϭ 5) .
Increases in rMLC phosphorylation upon agonist stimulation are not reduced in Abl
Ϫ/Ϫ mice. Myosin phosphorylation has been thought to initiate cross-bridge cycling and smooth muscle contraction (34, 39) . To determine whether the lower blood pressure in Abl Ϫ/Ϫ mice stem from the inhibition of rMLC phosphorylation, mesenteric arteries from wild-type or Abl Ϫ/Ϫ mice were stimulated with 10 M PE for 5 min, or they were not stimulated. These arterial vessels were then frozen for the determination of rMLC phosphorylation.
Abl deficiency does not affect the agonist-induced increase in rMLC phosphorylation in the resistance arteries. The average increases in rMLC phosphorylation in segments from wild-type and Abl Ϫ/Ϫ mice were not significantly different after stimulation with PE ( Fig. 6 , P Ͼ 0.05, n ϭ 4).
DISCUSSION
The role of the nonreceptor tyrosine kinase Abl in regulating blood pressure and cytoskeletal proteins in vascular smooth muscle is poorly understood. In this report, blood pressure is lower in Abl Ϫ/Ϫ mice compared with wild-type mice. Moreover, Abl knockout attenuates the agonist-induced enhancement of CAS phosphorylation and the expression of vinculin and paxillin in vascular smooth muscle tissues. However, myosin phosphorylation in response to agonist stimulation is not affected in arteries from Abl knockout mice. These results indicate that the Abl-regulated cellular process and blood pressure are independent of myosin activation. Abl differentially regulates CAS, vinculin, and paxillin in arterial vessels. CAS is required for the agonist-elicited actin filament assembly and the active force development in arterial smooth muscle (40, 41) . The stimulation with PE or serotonin induces CAS phosphorylation on tyrosine residues in vascular smooth muscle tissues (1, 22) . In the present report, the systolic blood pressure was lower in Abl Ϫ/Ϫ mice compared with wild-type mice. PE-or ANG II-elicited CAS phosphorylation was attenuated in resistance arteries of Abl Ϫ/Ϫ mice. Furthermore, the agonist-induced enhancement of F/G-actin ratios was attenuated in arteries from Abl Ϫ/Ϫ mice and in arteries treated with the Abl inhibitor imatinib. Previous in vitro studies demonstrated that Abl directly catalyzes CAS phosphorylation (1, 18) . These findings suggest that Abl may catalyze CAS phosphorylation in arterial smooth muscle, which may affect the actin dynamics and blood pressure in the animals.
It is well recognized that the focal adhesion-associated protein p130CAS and its downstream event are regulated by both receptor activation and the transmembrane integrins that are sensitive to mechanical environments (pressure and/or tension) surrounding vascular smooth muscle (7, 35, 36) . In the present study, we determined CAS phosphorylation and actin polymerization in resistance arteries that were not under pressure or tension. Our biochemical analysis shows that the activation of ␣-adrenergic receptor by PE and the activation of AT receptor by ANG II lead to the increase in CAS phosphorylation and actin polymerization in the absence of pressure or tension in wild-type mice. However, the receptor-mediated process was impaired in Abl knockout mice. These results suggest that 1) receptor activation alone is sufficient to activate the CAS-mediated pathway in vascular smooth muscle and that 2) Abl is a key player in the receptor-mediated CAS activation in vascular smooth muscle when integrins are not activated by pressure or tension imposed to vascular tissues. Tyr410 is one of the major phosphorylation sites on the substrate domain of CAS; phosphorylation on this residue exposes docking sites for the Src homology 2-containing signaling effector CrkII (4, 31) . CrkII has been shown to regulate the activity of the actin-regulatory protein N-WASP in smooth muscle. When not activated, N-WASP forms an autoinhibitory conformation, preventing its engagement with the Arp2/3 complex. When bound to CrkII, N-WASP undergoes conformational changes, interacting with the Arp2/3 complex and initiating actin assembly and branching (1, 25, 38, 43, 45) . CAS may also affect the association of the actin-regulatory protein profilin with G-actin, facilitating the transport of actin monomers to the barbed end of a growing filament (25, 40, 41) .
Vinculin is a key structural protein that links actin filaments to extracellular matrix via integrins at focal adhesion sites of cultured smooth muscle cells. Paxillin associated with dense plaques participates in the signaling cascades that regulate actin dynamics in smooth muscle tissues (6, 36, 42) . Because Abl knockout inhibits the agonist-induced increase in actin polymerization, we questioned whether Abl knockout influences the expression of vinculin and paxillin. The expression of vinculin and paxillin was reduced at the protein and messenger levels in arterial tissues from knockout mice. In addition, the expression of these two proteins was also reduced in tracheal smooth muscle tissues from Abl Ϫ/Ϫ mice (data not shown). The results suggest that Abl is an important component that regulates the expression of these two proteins in smooth muscle including arterial and airway smooth muscle tissues. The reduced expression of vinculin may impair the assembly of smooth muscle dense plaques, whereas paxillin deficiency may attenuate actin polymerization in the arterial tissues of Abl Ϫ/Ϫ mice. These changes may contribute to the mechanisms by which Abl knockout affects blood pressure.
The mechanisms where Abl modulates the expression of vinculin and paxillin in smooth muscle are currently unknown. Again, in the present study, Abl knockout impairs the agonistinduced enhancement of CAS phosphorylation in vascular smooth muscle. In another study, ANG II-induced CAS phosphorylation in vascular smooth muscle initiated the assembly of a multiprotein complex containing CAS, proline-rich tyrosine kinase 2, and phosphatidylinositol 3-kinase as determined by coimmunoprecipitation analysis. The complex formation between CAS, proline-rich tyrosine kinase 2, and phosphatidylinositol 3-kinase was associated with a rapid phosphorylation of the ribosomal p70 S6 kinase (an enzyme critical for protein synthesis) (29) . Furthermore, agonist stimulation facilitates CAS/ CrkII coupling that is able to activate MAPK via Rac1. MAPK has been shown to regulate the phosphorylation of the PHAS-1/elF4E complex, a key regulator of translation initiation (15, 29, 31) . Thus it is possible that Abl regulates the expression of vinculin and paxillin by modulating CAS activation, which in turn affects PHAS-1/elF4E and p70 S6 kinase.
The actomyosin system regulated by rMLC phosphorylation has been considered a sole mechanism for the regulation of smooth muscle contractility (14, 26, 32) . Although blood pressure was lower in Abl knockout mice, the increase in rMLC phosphorylation during agonist stimulation was not inhibited in arteries from Abl Ϫ/Ϫ mice. The results strongly suggest that 1) Abl knockout is sufficient to reduce blood pressure in these mice, 2) Abl is not involved in the regulation of myosin activation in resistance arteries, and 3) Abl may participate in the regulation of blood pressure by modulating CAS-mediated actin polymerization and the expression of focal adhesion-associated proteins.
Actin polymerization may regulate smooth muscle contraction by several mechanisms. First, the actin filaments of smooth muscle tissues connect to the extracellular matrix at dense plaques, facilitating the force transmission between the actin filaments and the matrix (7, 9, 38, 43) . Cortical nascent actin polymerization regulated by the Arp2/3 complex may reinforce the linkage of actin filaments to integrins, strengthening the transduction of the mechanical force (30, 38, 43, 45) . Second, actin polymerization may lead to an increase in numbers of contractile units and the length of actin filaments, providing more and efficient contractile elements for force development (3, 11) . Third, the actin filament assembly may also be a part of the reorganization process that allows for the rapid adjustment of cytoskeletal organization elicited by external stimulation (6, 17, 24, 37, 43, 45) . Fourth, actin polymerization may participate in the "latch" formation of contractile elements, supporting the force maintenance under the condition of lower cross-bridge phosphorylation (10, 19, 21, 26, 27) .
Since Abl plays an important role in regulating the CASmediated signaling events and blood pressure, the development of a strategy to inhibit Abl kinase activity may be an intriguing approach to treat hypertension. Recent exciting studies support this theory; a selective inhibitor of Abl, imatinib (STI-571), is effective for the treatment of pulmonary hypertension in clinical studies (8, 13) .
Summary. The knockdown of Abl attenuates blood pressure, the tyrosine phosphorylation of the adapter protein CAS, and the actin polymerization in arterial smooth muscle upon contractile stimulation. The expression of focal adhesion proteins vinculin and paxillin is reduced in the blood vessels of Abl Ϫ/Ϫ mice. Abl knockout does not inhibit myosin activation in response to contractile activation. We conclude that Abl is an important biomolecule that orchestrates the regulation of blood pressure through a novel CAS-mediated cellular event.
